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[cAMP] (M) a, Domain structure of Nano-lantern (cAMP). Three affinity variants were developed using two kinds of cAMP-binding domains and different linker lengths. b, Normalized spectra of Nano-lantern (cAMP) variants with or without cAMP. Emission spectra measurement was performed at least in triplicate, and the averaged data are shown. c, Relative brightness of recombinant Nano-lantern and Nano-lantern (cAMP) variants, with or without cAMP. d, cAMP titration curves of the Nano-lantern (cAMP) variants. Measurements in c and d were performed at least in triplicate, and the averaged data and standard deviations are shown. e, Normalized spectra of FRET-based cAMP indicators using the same cAMP-binding domain of Nano-lantern (cAMP1.6), with or without cAMP. a, A fluorescence image of Dictyostelium discoideum cells expressing Nano-lantern (cAMP1.6). b, Luminescence images of Dictyostelium discoideum cells expressing Nano-lantern (cAMP1.6) before and after the addition of 100 μM cAMP. Scale bars, 0.2 mm. c, A typical pattern of time course of the intensity at ROIs indicated as colored boxes in (a). This is a representative data from three replicates. a, Domain structure of Nano-lantern (ATP) variants. b, Normalized spectra of Nano-lantern (ATP) variants with or without ATP. Emission spectra measurements were performed at least in triplicate, and the averaged data are shown. c, ATP titration curves of Nano-lantern (ATP) variants. Measurements in c were performed at least in triplicate, and the averaged data and standard deviations are shown. Furthermore it is not secreted into the extracellular space, like Gaussia luciferase 33 , and it has a higher turnover rate than beetle luciferase. We first performed random mutagenesis on RLuc8 to screen for brighter variants. Among >6,000 candidates, we identified the S257G mutant whose recombinant protein displays 1.3 times more luminescence signal in the whole emission than Rluc8 (Fig. 1b) .
Supplementary Figure S12. Design and properties of Nano-lantern (ATP).

Supplementary
Selection of the appropriate BRET acceptor for RLuc8
We next searched for a suitable acceptor for RLuc8. In a previous report 9 , EYFP was used as the BRET acceptor for RLuc8 (eBAF-Y), showing a better BRET efficiency than EGFP. However, the improved EYFP variant, Venus, is frequently used as the acceptor in FRET-based indicators instead of EYFP 36 . We examined both EYFP and Venus as an RLuc8 acceptor 10 ; these FPs exhibit identical patterns of absorption and emission, but have different molar absorption coefficients. An essential factor for BRET efficiency is the rate constant of the energy transfer, k T (r), from donor to acceptor, which can be theoretically calculated as follows:
Equation (1) where Q D is the luminescent quantum yield of the donor, n is the refractive index of the medium, N is Avogadro's number, r is the distance between donor and acceptor, τ D is the lifetime of the donor, J(λ) is the overlap integral, which expresses the degree of spectral overlap between the donor emission and acceptor absorption, and κ 2 is the orientation factor 37 . Among these parameters, the spectral property of the BRET acceptor only affects J(λ), which is expressed as follows: We experimentally confirmed the above predictions by making artificial fusions of N-terminal FP's and C-terminal RLuc8, called Venus-RLuc8 (VRL0.0) and EYFP-RLuc8 (YRL0.0). These molecules were simply joined by a 2-amino acid linker, GT, derived from the recognition sequence of KpnI (ggtacc), used to connect their cDNA. Recombinant VRL0.0 protein exhibited a peak emission ratio (530/480 nm) 1.8-times greater than that of YRL0.0 (Supplementary Table S1 ), indicating that BRET was more efficient for the Venus acceptor.
We further compared other properties that could affect the BRET efficiency. Venus is superior to EYFP in maturation speed, which increases the yield of the fusion protein. 
Optimization of the relative orientation and distance between donor and acceptor
To greatly change the relative orientation and distance between the donor and acceptor chromophore, we tested a circularly permutated (cp) Venus series and C-terminus 10-amino acid truncated version of Venus (VenusC10) instead of the Venus moiety in VRL0.0 ( Supplementary Fig. S1 ). Among them, VenusC10-RLuc8 (VRL10.0) and cp229Venus-RLuc8 exhibited the largest and second largest 530/480 nm ratio (6.3 and 5.3, respectively). These data show in this case that relative distance was dominant over relative orientation. We further tested the flexible N-terminus 1-6 amino acid truncated versions of RLuc8, by replacing the RLuc8 in VRL10.0. The differences in their peak ratios were small, but VRL10.3 had the highest peak ratio (8.7, Supplementary Table S1) among them. To compare the brightness of RLuc8, eBAF-Y, and VRL10.3, we integrated each emission spectrum from 400-650 nm. VRL10.3 displayed an increase in integrated light intensity that was 4.1 and 2.2 times that of RLuc8 and eBAF-Y, respectively (Fig. 1b) . Finally, we introduced the S257G mutation into the RLuc8 moiety of VRL10.3. The resulting protein, VRL10.3_S257G, was named Nano-lantern.
Supplementary Note 2 Consideration of the insertion site for Nano-lantern-based indicators
To develop functional indicators using Nano-lantern, we used a strategy based on the complementation of split luciferase (CSL) mechanism 13, 38, 39 . CSL-based indicators are composed of inter-or intra-molecularly split luciferase fused with "bio-active molecule recognition protein motif(s)," whose conformational change reconstitutes the catalytic activity of the split-Luc in a target-molecule-dependent fashion ( Supplementary Fig. S3a ). To create high performance CSL-based indicators, it is important to design an appropriate split or insertion site that allows the split Luc to display a large dynamic range in signal change, an intensity bright enough for imaging, full reversibility, and acceptable kinetics. For this purpose, we searched for a non-structural loop domain in RLuc, which has two functional units, a hydrolase and cap domain. Based on structural information (Protein Data Bank, code 2PSD) 40 and a previous report . The other was 228/229, located at the connecting loop between the hydrolase and cap domain, which was expected to be flexible due to its amino acid composition (Gly-Gly) 39 .
Design and properties of Nano-lantern (Ca
2+ )
To experimentally validate these insertion sites, we first constructed CaM-M13@91_RLuc8_S257G, in which the CaM-M13 motif of YC3.60 was inserted into the 91/92 position of RLuc8_S257G. The purified protein showed a change in luminescence intensity with a 110% dynamic range upon Ca -dependent CSL mechanism whose emission was enhanced by BRET, but which was insensitive to Ca
2+
. We next inserted CaM-M13 into the 228/229 position of RLuc8_S257G moiety in Nano-lantern (CaM-M13@228_Nano-lantern), which displayed a much larger signal change (300%) at a higher intensity level (max. 35% of Nano-lantern's brightness, Fig. 3b ranged from 17 nM to 980 nM, suggesting that the reconstitution affinity of split-Nano-lantern@228
would not be high enough to affect its reversible conformational change. The reversibility was further confirmed by in-cell-analysis as described in the main text.
Supplementary Note 3
Design and properties of Nano-lantern (cAMP)
To screen for a cAMP-recognition domain yielding the largest luminescence signal change, we cloned the cAMP-recognition motif of human EPAC1 with different flanking sequences. We choose G170, P183 and A327, S334 for the N-and C-terminal end, respectively. All 4 constructs, G170/S334, G170/A327, P183/S334, and P183/A327 displayed a change in luminescence intensity upon stimulation with 100 M cAMP; the G170 series showed a larger response than the P183 series, and that of G170/A327 was the largest (130%). Next, we performed affinity optimization. The K d of EPAC1 G170/A327 was determined to be 2.2 M (data not shown), a detection range slightly different from the estimated concentration range of cellular cAMP (0.5-3 M) 24, 25 . To increase its affinity, we introduced a Q270E mutation into the cAMP-binding pocket, and confirmed that the K d value of EPAC1 G170/A327_Q270E was decreased to 1.6 M, as reported previously 41 . To obtain a low-affinity variant, we inserted 12 amino acids of a polypeptide linker, which was reported to decrease the affinity of a firefly luciferase (FLuc)-PKA-based cAMP indicator 42 . As expected, the K d value of EPAC1 G170/A327_12 amino acids linker was decreased to 3.3 M. To generate a cAMP indicator with increased affinity, we cloned part of the cAMP-recognition motif from the human PKA regulatory subunit Ior II which are reported to have a higher cAMP affinity than EPAC1 41, 43 . Among the tested constructs, Nano-lantern with PKA RI_M245/V381 inserted at position 228 in Rluc-S257G moiety displayed the highest affinity for cAMP (K d = 400 nM).
To compare the signal change of a Nano-lantern-based indicator with its related FRET-based indicator, we generated 6xHis-tagged FRET constructs by fusing EPAC1 G170/A327 domain with donor and acceptor pairs 15 . Among those tested, we selected ECFP_EPAC1 G170/A327_cp173Venus for further analysis, because it displayed slightly larger FRET ratio change (+11.7%) than the previously reported EPAC-camp sensor (-9.1% in our measurement) 43 and ECFPC11_EPAC1 G170/A327_cp173Venus (+5.7%) ( Supplementary Fig. S8e ).
Supplementary Note 4
Design and properties of Nano-lantern (ATP)
We developed a Nano-lantern-based ATP indicator by using the  subunit of the bacterial F o F 1 -ATP synthase, which was inserted into the 228-229 position of RLuc8-S257G in Nano-lantern. The resulting protein, Nano-lantern (ATP0), exhibited a 360% increase in light output upon the addition of ATP (Fig. 5b and Supplementary Fig. S12a) ; however, its relative brightness was only 10% that of Nano-lantern, even under ATP-saturating conditions. To increase the maximum brightness, we performed a simple modification of the construct. We developed another Nano-lantern (ATP) variant from VRL10.0_S257G instead of Nano-lantern (Nano-lantern (ATP1)), which has an intact RLuc8_S257G moiety compared to the parental Nano-lantern (ATP0) with its three amino acid N-terminal deletion (Fig. 5a ). Although they differ by only three N-terminal amino acidsin the RLuc8-S257G moiety, their dynamic range and brightness were vastly different. Nano-lantern (ATP1) exhibited enough dynamic range (200%) for functional imaging, and was 1.5-fold brighter than Nano-lantern (ATP0) at ATP-saturating condition ( Fig. 5b and Supplementary Fig. S12a ). They had similar affinities for ATP ( Supplementary Fig. S12b and Supplementary Table S4 ). Therefore we used Nano-lantern (ATP1) in further experiments.
Autofluorescence of a plant leaf
Plants contain many fluorescent compounds that interfere with the signal of indicators upon their excitation by external light sources. The most common of these compounds is chlorophyll found in chloroplasts of green plants, which emits strong red autofluorescence in a wide range of imaging conditions using fluorescent indicators. Indeed these have previously hampered our efforts to use conventional CFP-YFP FRET-based and single GFP-type indicators in in Arabidopsis leaf cells.
Supplementary Methods
General
DNA oligonucleotides used for cloning and construction of gene libraries were purchased from Hokkaido System Science. The sequences of all the oligonucleotides used in this study are provided in Supplementary Table S5 . KOD-Plus (Toyobo Life Science) was used for the non-mutagenic PCR amplification. Diversify® PCR Random Mutagenesis Kit (Takara-bio) was used for error-prone PCR amplifications, according to the manufacturer's recommended protocol. Products of PCR and restriction enzyme digestion were routinely purified using preparative agarose gel electrophoresis followed by DNA isolation using the QIAEX II gel extraction kit (Qiagen). Restriction endonucleases were purchased from New England Biolabs or Takara-bio and used according to the manufacturer's recommended protocol. Ligations were performed using T4 ligase in Rapid Ligation
Buffer (Promega). Small-scale plasmid DNA preparation was performed by alkaline lysis of the bacterial pellet obtained from 1.5 mL of LB-liquid culture followed by ethanol precipitation of the DNA. Large-scale plasmid DNA preparations were performed by alkaline lysis of the bacterial pellet derived from 200 mL of LB-liquid culture followed by isopropanol precipitation, PEG 8000 precipitation, and 2 rounds of phenol/chloroform extraction. The cDNA sequences for all constructs were read by dye terminator cycle sequencing using the BigDye Terminator v3.1 Cycle Sequencing kit (Life Technologies). The luminescent substrate coelenterazine-h was purchased from Promega or Chisso. ATP-Na 2 and cAMP-Na were purchased from Wako and Sigma-Aldrich, respectively. . To obtain the cDNA libraries of mutated RLuc8 (mut-RLuc8), 30
Screening of bright RLuc8 gene libraries
rounds of error-prone PCR were performed under conditions to achieve a mutation rate of 5 base pairs/kb. Primers containing BamHI/EcoRI (fBamHI RLuc/ rECoRI RLuc) were used to allow the reinsertion of mut-RLuc8 cDNA into pRSET B . JM109(DE3) bacterial cells were transformed with pRSET B _mut-RLuc8 and were spread on LB/Amp agar plates. Following a 20-h incubation at 37 °C, the E. coli colonies were sprayed with a phosphate buffered saline (PBS) solution containing 5 μ g/ml coelenterazine-h, and were examined using an LAS-1000 luminescence imaging system (GE Healthcare). The brightest colonies were picked up and cultured in liquid LB medium for 16 h. The luminescent signal of diluted E. coli with 3 M coelenterazine-h was measured in 96-well plates using a micro-plate reader (SH-9000, Corona Electric). The detected signals were normalized to the O.D. value of the E. coli culture. Five to ten bright colonies were selected per round for further DNA purification and sequencing.
Construction of the Nano-lantern, Nano-lantern (Ca 2+ ), Nano-lantern (cAMP), and
Nano-lantern (ATP) genes
Construction of Nano-lantern
To construct the cDNA of eBAF-Y 9 , the EYFP region was amplified using primers F-BamHI-gfp_1_and R-gfp_238-HL-HindIII, then digested with BamHI and HindIII, and the RLuc8 region was amplified using primers F-HindIII-HL-rluc_1 and R-rluc_311-x-EcoRI, then digested by , and the C-terminus 10 amino acid-truncated Venus (VenusC10) were amplified using the following pairs of forward/reverse primers:
F-BamHI-gfp_157/R-KpnI-gfp_156, F-BamHI-gfp_173/R-KpnI-gfp_172, F-BamHI-gfp_195/R-KpnI-gfp_194, F-BamHI-gfp_229/R-KpnI-gfp_228, and F-BamHI-gfp_1/R-KpnI-gfp_228, then digested by KpnI and EcoRI. RLuc8 and N-terminus 1-6-truncated RLuc8 (N1-6) were amplified using the forward primers, F-KpnI-1, 2, 3, 4, 5, 6, and 7 respectively. The resulting fragments of Venus and the RLuc moiety were ligated into the BamHI/EcoRI site of the pRSET B vector to yield a series of pRSET B _Venus-RLuc8 fusion proteins.
For mammalian expression, pRSET B _eBAF-Y and pRSET B _Nano-lantern were digested with BamHI and EcoRI, and the resulting fragments were cloned into the BamHI/EcoRI site of the pcDNA3 vector (Life Technologies) to yield pcDNA3_eBAF-Y and pcDNA3_Nano-lantern. The N-terminal 12 amino acid sequence of the cytochrome c oxidase subunit IV sequence (CoxIV) was fused to the N-terminus of Nano-lantern to obtain Nano-lantern-mt, which specifically localized to the mitochondria matrix. Nano-lantern-er was generated by extending the N-terminus of Nano-lantern with the signal peptide sequence of calreticulin and the C-terminus of Nano-lantern with an endoplasmic reticulum retention signal sequence KDEL, which specifically localized to the endoplasmic reticulum. The Golgi body-localizing signal sequence of -N-acetylglucosaminyl-glycopeptide-1,4-galactosyltransferase was fused to the N-terminus of Nano-lantern to obtain Nano-lantern-go, which specifically localized to the Golgi body. A peroxisome localization sequence, SKL, was fused to the C-terminus of Nano-lantern to obtain Nano-lantern-pe. Nano-lantern-pm was constructed by adding the myristoylation and palmitoylation sequence from lyn kinase (MGCIKSKRKDNLNDDGVDMKT) to the N-terminus of Nano-lantern, which localized to the plasma membrane. Histone2B (H2B) was fused to the C-terminus of Nano-lantern to obtain Nano-lantern-H2B. Nano-lantern, Nano-lantern-mt, -er, -go, -pe, -pm, and -H2B were cloned into the pcDNA3 vector. The EYFP in pEYFP-Tub and pEYFP-Actin (Takara-bio) was replaced with Nano-lantern to obtain Nano-lantern-Tub, and -Actin. The EGFP in pEGFP-EB3 was replaced with Nano-lantern to obtain Nano-lantern-EB3.
Construction of Nano-lantern (Ca 
Construction of Nano-lantern (cAMP)
The cDNA clone encoding the human PKA regulatory subunit I was purchased from DNAFORM (Japan). cDNA fragments corresponding to the cAMP-binding domain and its flanking region were amplified by PCR to attach the oligonucleotide linkers for XhoI and SphI at its 5' and 3' end, respectively (Supplementary Table S5) . XhoI-and SphI-tags were introduced at the 228/229 split site of the Nano-lantern cDNA using PCR. The obtained fragments were ligated to yield pRSET B _Nano-lantern (cAMP). The Q270E mutation in EPAC1 was introduced by site-directed mutagenesis 41 . The fragment encoding the 12-amino acid linker PWNWDSGCSREG was attached to the junction between 228 of Nano-lantern and the N-terminus of the cAMP-binding motif, by inserting an oligonucleotide cassette 42 .
To construct the expression vectors for Dictyostelium cells, Nano-lantern (cAMP) cDNA was cloned into the pDM304 expression vector 44 by attaching Dictyostelium's Kozak sequence (aaaaATG) to its 5'-end. To assure the robust expression of Nano-lantern and Nano-lantern (cAMP)
in Dictyostelium cells, the Venus moiety of Nano-lantern, whose codon usage was optimized for mammalian but not for Dictyostelium, was replaced with Aequorea victoria's GFP sequences, in which the following mutations were introduced into the encoded Venus protein: F46L, F64L, S65G, M153T, V163A, S175G, T203Y, and A206K.
Construction of Nano-lantern (ATP)
The cDNA fragment encoding the ATP-recognition domain ( subunit of the bacterial F o F 1 -ATP synthase) was PCR-amplified to attach NcoI and SacI sites using ATeam1.03 cDNA as a template 28 .
The NcoI_CaM-M13_SacI fragment of Nano-lantern (Ca Table S5 ). The cDNA fragment corresponding to CT was amplified by PCR to attach oligonucleotide linkers for BamHI and SalI sites at its 5' and 3' end, respectively (Supplementary Table S5 ). The obtained fragment was inserted into the BamHI site of pRSET B _Nano-lantern (ATP1) to produce pRSET B _CT-Nano-lantern (ATP1). The CT-Nano-lantern (ATP1) fragment was cloned into the SalI and EcoRI site of the entry vector pENTR1A (Life Technologies). The cloned CT-Nano-lantern (ATP1) was transferred from the entry vector to the destination vector pH2GW7 (Plant System Biology, Gent, Belgium) by an LR recombination reaction to produce pH2GW7_CT-Nano-lantern (ATP1). To construct the cytosolic expression vectors for Nicotiana benthamiana plant cells, the Nano-lantern (ATP1) fragment was cloned into the BamHI and EcoRI site of the entry vector pENTR1A. The cloned Nano-lantern (ATP1) was transferred from the entry vector to the destination vector pH2GW7 by an LR recombination reaction, to produce pH2GW7_Nano-lantern (ATP1).
Protein purification and in vitro spectroscopy
Nano-lantern, Nano-lantern (Ca   2+   ) , and Nano-lantern (ATP)
E. coli strain JM109(DE3) was transformed with a pRSET B vector carrying Nano-lantern and its derivative cDNA and grown at 23°C. Recombinant proteins were purified using Ni-NTA agarose (Qiagen), and then diluted to 20 nM in 50 mM HEPES (pH 7.2). Emission spectra of the purified proteins were measured using a micro-plate reader (SH-9000, Corona Electric) or spectrofluorometer (F-4500, Hitachi). A final concentration of 1-10 M coelenterazine-h was used as the luminescent substrate for these measurements. Experiments were performed at least in triplicate, and the averaged data were used for further analysis. ATP titrations were performed using purified Nano-lantern (ATP) proteins in 50 mM MOPS (pH 7.3), 50 mM KCl, 0.5 mM MgCl 2 , and 0.05% Triton X-100 with free ATP concentration ranges from 0 to 4 mM at 25 °C. To obtain the luminescence spectra, the emission from 400 to 600 nm was scanned at free (0 nM) and saturating (10 mM) concentrations of ATP. The averaged data were fitted to the single Hill equation using Origin7 software.
Nano-lantern (cAMP)
Since the synthetic genes containing cAMP-recognition motifs were not efficiently expressed in E.
coli, 6×His-tagged recombinant proteins of the Nano-lantern (cAMP) were expressed in Dictyostelium cells and purified using Ni-NTA agarose. The emission spectrum of 100 nM Nano-lantern (cAMP) proteins was measured in the presence of 6 M coelenterazine-h using a spectrophotometer (F-4500, Hitachi). For the FRET constructs, 200 nM of recombinant protein were subjected to spectrum analysis. The emission spectrum upon excitation with 425 nm light was measured in the presence or absence of 100 M cAMP. To determine the fold response at a given cAMP concentration, the luminescence signal was sequentially measured at free (0 nM), test (10 nM to 100 M), and saturating (10 mM) concentrations of cAMP. Experiments were performed in triplicate, and the averaged data were fitted to the single Hill equation using Origin7.
Preparation and luminescence imaging of HeLa cells
HeLa cells were cultured in homemade 35 mm glass-bottom dishes in DMEM (Sigma-Aldrich) containing 10% fetal bovine serum (BioWest). Cells were transfected with plasmids using
Lipofectamine 2000 (Life Technologies). One to two days after transfection, cells expressing Nano-lantern with or without the localization tags were subjected to imaging. Just before observation, 10 M coelenterazine-h was added to the culture medium.
To observe Nano-lantern and Nano-lantern (Ca Supplementary Table S6 .
Preparation and luminescence imaging of mice
Murine colon adenocarcinoma colon26 cells were grown in RPMI-1640 (Nissui) supplemented with 10% heat-inactivated fetal bovine serum (FBS), 0.15% NaHCO 3 , 100 units/mL penicillin, 100 g/mL streptomycin, and 292 g/mL L-glutamine at 37 °C in humidified air containing 5% CO 2 .
Colon26 cell lines stably expressing RLuc8 and Nano-lantern were established. Luminescent imaging was collected at 10 Hz.
Preparation and luminescence imaging of Dictyostelium discoideum
Strain Ax-2 and ACA-KO cells (Dicty stock center ID; DBS0235429) were cultured in HL-5 medium as described elsewhere 27 . Expression plasmids were electroporated into cells, and transformants selected in the presence of 10 g/mL G418 (Life Technologies). For cAMP imaging cells were starved in development buffer (10 mM K/Na 2 phosphate buffer, 1 mM CaCl 2 , 2 mM MgCl 2 ; pH 6.5) for at least 6 h, and then plated on 35 mm glass-bottom dishes or 1% agar plates.
Samples were imaged using an inverted microscope (TE2000- 
FRET-based cAMP imaging of Dictyostelium discoideum
Cells expressing ECFP_EPAC1 G170/A327_cp173Venus were imaged as described previously 27 .
Briefly, cells starved in development buffer were cultured in a glass bottom dish or on a thin agar plate, then were imaged with a wide-field epifluorescence inverted microscope (TE2000-E, Nikon) 
Preparation and luminescence imaging of plants
Agrobacterium-mediated gene transfer was performed essentially as described previously 46 .
Agrobacterium tumefaciens (strain GV3101) transformed with Nano-lantern (ATP) was pre-cultured overnight at 28 °C in LB medium containing 50 g/mL hygromycin B (Wako) and 25 g/mL gentamicin (Wako), then subjected to an additional overnight culture at 28 °C in fresh LB medium containing 10 mM MES, pH 5.7, 20 M acetosyringone (Sigma-Aldrich), 50 g/mL hygromycin B, and 25 g/mL gentamicin. After centrifugation at 3,000 g for 15 min, the bacterial pellet was collected and then re-suspended in 10 mM MES, pH 5.7, 10 mM MgCl 2 , and 200 M acetosyringone, and incubated at room temperature for 3-4 h. Agrobacterium was inoculated into N.
benthamiana plants using needleless syringes, and the inoculated plants were incubated for 1 day at 22 C.
Wild-type and transformed Arabidopsis plants (ecotype Columbia, Col-0) were grown at 22 C with a 16-h-light day. The Arabidopsis plants were transformed with pH2GW7_CT-Nano-lantern (ATP1) using Agrobacterium to generate the stable transgenic plants.
The transformants were selected on MS medium containing 20 g/mL hygromycin B, and the T2 plants were used for imaging.
To observe the effect of photosynthesis on ATP dynamics, we applied a 438/24 nm blue light (LightEngine SPECTRA, Lumencor). Since visible light excitation causes strong autofluorescence from chloroplasts, we used the same instrumental and optical setup as described above for the Nano-lantern (Ca and emission filter (700/75, Nikon) was selected. 
Supplementary
